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SHI Control Systems, Ltd. has developed the MC-55
stage controller, which has a fully synchronous multi-
processing architecture that can meet demands at the
ultraprecision stage. The controller has a motion con-
trol processor and thrust control processors, and all of
the processors are connected with the bus in order to
centralize control of position, velocity, and thrust pro-
cessing. The centralized control software enables imple-
mentation of multi-axis coordinated control and the dis-
turbance observer, which are required at the ultrapre-
cision stage. The power units are separated from the
control units in order to prevent noise that deteriorates
positioning accuracy. Synchronously operated high speed
processors enable a high-speed servo cycle and min-
imized delay time. This paper presents an overview of
the interesting features of the MC-55 controller, the mod-
ular system design, and the support system for adjust-
ment and maintenance.
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SHI Control Systems, Ltd. (SCS) develops and com-
mercializes drivers for linear motors used in applications
such as ultra-high precision positioning for the semi-
conductor and liquid crystal manufacturing industries.
SCS is currently focusing on the development of even
more accurate, greater-thrust drivers required by these
industries. In the meantime, SCS is expanding the scope
of applications of linear motors by introducing our tech-
nology fostered through the development of these dri-
vers to conventional products.
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Drive mechanisms combing air guides and linear motors
are widely used in precision positioning systems. PWM
drives and linear drives have conventionally been used
as representative drive methods for controlling these
devices. However, these drive mechanisms have fluc-
tuations in accuracy, output capacity and loss, and the
fluctuations have been an obstacle to increasing the size
and accuracy of equipment. To solve this problem, SHI
Control Systems, Ltd. (SCS) has developed a driver sys-
tem that provides both high precision and high output
by switching between linear and PWM. By combining
this driver system with a dynamic supply voltage control,
SCS recently developed a drive mechanism that achieves
a low loss comparable to PWM despite being a full-time
linear drive.
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In recent years, an increasing number of synchronous
AC linear motors have been applied in linear stages of
manufacturing machines for semiconductor devices and
liquid crystal panels. Formerly, pole sensors were used
in detecting phase angles of AC linear motors in most
cases. Although there is a method for detecting phase
angles without using a pole sensor, the method has dis-
advantages such as vibrations of the mechanical system
caused by the thrust command for detecting phase
angles and the inability to the specify travel distance
of the machine being detected. In this report, SHI Control
Systems, Ltd. (SCS) describes a new control system
without pole sensor for detecting phase angles used
in SCS's SDLN/SDPF series high-precision driver for
controlling linear motors, based on an explanation of
the operating principle of synchronous AC servomotors.
This control system reduces vibrations generated in
detection (low noise) and achieves near-zero travel dis-
tance. In addition, the system is capable of accurately
detecting the phase of a traveling machine by judging
the phase angle according to the acceleration. The con-
trol system is especially effective for linear motors that
are used in precision mechanical systems with low fric-
tions achieved with air bearings.
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functions of MP-Servo/MP-Pulse, which is the latest ver-
sion of the MP Series, as a "standard motion controller”,
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“ System MX”, a complete synchronous multi-axis
control driver, is a new-concept controller for line
systems that is capable of controlling multiple axes
by perfectly synchronizing them. By integrating CPUs
for controlling speed and current of the vector inverter
with the CPU for multi-axial control and completely
eliminating dead time in high-speed communications
between memories, System MX achieves perfect
synchronization between the control processors.In
addition, it supports standard industrial buses and field
networks to secure connectivity and scalability. The
system tool that SHI Control Systems, Ltd. (SCS)
developed offers a variety of useful functions including
those allowing development and maintenance of
control software. Making the most of these features,
SCS introduced sectional drive control systems to
gravure printing and other industrial fields, which have
attracted significant market attention. In this report,
SCS describes the complete synchronous multi-axis
control drivef’ System MX” and examples of achieving
its excellent synchronous control.
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In conjunction with the recent trend toward environ-
mental protection, the call for energy saving is growing
in the field of motor drives. Additionally, the demand for
smaller motors is also strong as a reflection of miniatur-
ization of equipment. The IPM motor (Interior Permanent
Magnet Motor) is attracting significant attention as a
solution to meeting this demand. Since the IPM motor
has a permanent magnet inside, it is more efficient than
the conventional induction motor. Moreover, because
it is highly efficient,it can be downsized.In the meantime,
however, the IPM motor is disadvantageous in that it
cannot be driven unless the positions of its magnetic
poles are identified, and therefore it requires a sensor
or the like to detect the polar positions. In this report,
SHI Control Systems, Ltd. (SCS) explains "AF-330," an
inverter that we developed for driving the IPM motor,
which has these characteristics. In particular, SCS focus-
es on a drive system (sensor-less drive) that eliminates
the polar position sensor, which is the IPM motor's draw-
back.
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Xenon lamps are used as the light source for mea-
surement since they have smooth spectral character-
istics from infrared to ultraviolet, as well as high inten-
sities. Measuring instruments are required to have
very high stability since the stability of luminous ener-
gy directly affects their measurement accuracy. The
recent demand for stable light sources that respond
to increased measurement accuracy is so strong that
it cannot be met with conventional light source prod-
ucts. The power supply device that SHI Control Systems,
Ltd. recently developed achieves a high level of sta-
bility, which has been impossible with conventional
products.
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The demand for forklift truck is shifting from engine-
driven vehicles to battery-powered vehicles, which pro-
duce no exhaust gas and low noise. However, the bat-
tery-powered forklift truck has some weaknesses, such
as shorter operating time and battery deterioration caused
by over discharge and overcharge, which the engine-
powered forklift truck does not have. Accordingly, the
need to extend the operating time and service life of the
battery-powered forklift truck is growing. SHI Control
Systems, Ltd. recently developed a quick battery charger
for forklift truck in cooperation with Sumitomo-NACCO
Materials Handling Industries, Ltd. This charger extends
the operating time by 4 hours ( at operating rate of 50%
with a representative, 1.5-ton vehicle ) through a one-
hour supplemental charge during lunchtime, thus achiev-
ing a long operating time comparable to the engine-pow-
ered vehicle. In addition, the new charger uses a con-
stant current-constant voltage-constant current system
in which the battery voltage and charging current are
controlled by a microcomputer.
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We developed a general-purpose control system for
large-volume mechanical parking systems. The
purposes of the control system are as follows:

1) Flexibly meet layout requirements including lift and
platform

2) Increase reliability in controlling the parking system

3) Increase throughput in loading and unloading cars

4) Support connectivity with network environments

To realize purposes 1) to 3), we developed a path

generator that automatically generates paths for
loading/unloading and recovering cars, and a task
arbitrator that controls simultaneous execution of
loading/unloading multiple cars, as general purpose
programs. These programs interact with an equipment
controller via the MELSECNET driver program. To realize
purpose 4), we built a structure in which communication
of information on tasks administered in the control
system, information on inventory and information on
reservations for unloading cars is established through
the network I/F program. This control system has
already been deployed in a number of mechanical
parking systems with varied layouts, and is stably
operating.
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Example of parking system layout and corresponding paths
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All moving parts of the SE-D-CI series double-shot
molding machines, which have been developed based
on the SE-D series direct-drive fully electric molding
machines, demonstrate high precision in clamping,
injection and plasticization. In addition, the rotating
mechanism for the reverse platen also achieves extremely
high precision, which is the most important factor for
performance evaluation of double-shot molding machines,
through the development of a new servomotor-based
drive as well as a mechanical position-retaining device.
The SE-D-CI series has been developed as an excellent
molding machine, which is highly useful in the field of
high-precision, thin-walled double-shot molding where
requirements are diversifying. The series has made a
significant contribution to improvement of productivity
and quality since it shortens the rotation cycle time of
the reverse platen by more than half that of competitors'
machines of the same class, has the maximum injection
speed of 300 mm/s and drastically shortens the molding
cycle.
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Injection-Compression Molding for Optical Elements
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Although injection-compression molding has long been
studied, this method has not been used because of the
unsatisfactory levels of its effects and the complex
structure of the metal mold. However, as the demand
for molding quality becomes stronger, the injection-
compression molding method is being used in a growing
number of applications for optical elements such as
optical waveguide, disc and lens.

Injection-compression molding has the following
effects:

1) Increases dimensional accuracy of the optical lens
and prevents a concave lens from being welded.

2) Increases transferability of fine patterns on the optical
waveguide and disc.

In this report, we discuss the following phenomena
by using a PVT diagram to identify the behavior of resin
in the injection-compression molding of an optical
waveguide and lens.

1) Compression effect related to transfer of fine patterns
in molding an optical waveguide, rising dependence
of compression and existence of optimal compression
time

2) Relation between the shape of a lens and the com-
pression effect in lens molding
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Study of Optimal Design of Surface Permanent Magnet Motors
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Permanent magnet motors are used for various pur-
poses because of their high performance and compact-
ness. However, the performance that is required of them
is different for each application, and there are times when
they must simultaneously serve in multiple capacities.
While there are some reports on the optimization of a
motor's design for its required performance, it is neces-
sary to demonstrate the basic principles of motor design,
and particularly the effect of the stator and the rotor shape
on performance. In this report, we shall set the basic
dimensions of the rotor and the stator as factors of
Design of Examination (DOE) and analyze them by FEM.
As a result, we shall present the effects of each factor
on performance and optimal design.
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Example of FEM analysis for 8 pole motor
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ooooooo
ooooooo oooo oooo goood
No. ooo ooooo
SNO O dBO SNO O dBO SNO O dBO SNO O dBO POS oooooo

oboooooooooo

1 276 315 317 90.9 10P/12S goooo
ooooao
gooooooooo

2 7.2 40.4 313 78.9 10P/12S oooo
ooooo
00ooooooon

3 032 19.3 35.0 51.1 10P/12S oooo
ooooo

4 oooooo 8.7 27.0 318 67.5 8P/12S goooo
OooAODOODOOOOO

5 105 342 327 7.4 8P/12S oooo
oooooo
ooosOoOOODOOOOO

6 21.2 27.1 311 79.5 8P/12S oooo
oooooo

oooooooobooOoooooooooooooboboOoo
oooooooocooobooooboooOoooooboooo
oobooO0obocb0oootoooooDoOoU0OxdxsOyi0ys
ooooooooooooooooooooboonD 1 -3
oboooooosNOOOOOooboobooboobooooo
OoooOooo0oo000o0o00o0o0oooooosk/1200
oo0oooiloP/12000000000000000000O
oeOpoooObOOOOOOOOOOOOODOOOOO
x:iUxsOSNOOOOOooooooooooooooooo
ooooooooobooooooooboooooooobooboo
ooboooooooooooOoooboOoooboooooooo
ooooOobooOooOoboOoboOoboOooooboobDoDOo
SNOOOOOoOooOooooooooooooobooooo
oooooooooooooooboooOoooooboooo
ooooooooooooooboooooooobooooooo
52 0000

gobobooooooo 40000y 0y; 00000000
obooooooooooooooboooOooooooog
SNOONn0n.0n:00000000000000000
ooooooooooooo

gobooboboooooobobooooboobOoOooOosNOb
ooooooooooooooooboobooOobooooboobooo
oooooooooooooooooooooooboobooo
obooooooobOooboOobOoOooOobOboOooOOooOsNOO
oooooooooooboooooooOoooooboooo
oooooooooooooooooooooooboooo
oooooooooboooooooooooooooboobooo
oooooobooooooooooooooooooboooo
osNOOODOpoOooooooooooooo
53 00O

gooooooooooboooOoboooooo 300
oOo0OO0ONo4OOODOOOOOODOODODODODO
gooooooooooOoooooboooOoooooboooo
oOooO0ooO0ob00oOOobO0DO0o0OO0DbDOO0OO0O0ONoSsOO
ooAdO0OO0OOO0OOOOO0OOOOO0OCOO0OCO0DO0O0
oooooooooooboooooooOooooobooOon
ooboboooooooooooooooobOooooooo
No6OOOOBOOOOOOOOOOOOOOOOOOOO

ooooooooooOooooooooooooobooboon
ooooooooocoooooooo

oo0ooooo0ooooobooOoooosp/12s00000
oboO0OONolOOOOOOODOSIODOOOODOOOOO
O00OxdO000ooo02010P/120 00000000000
oooooooooooboooooooOooOoooboooo
oooooooooooboooooooOoooooboooo
oooooooooo

goood

gooooooooooooooooooooooobooo

oobooOobODOorFEMODOOOOOODOOODOOOOO 30

ooooobooooooooooooOoooDboon

0 OO0oOoOOoooooooooboooOooooooboooo
ooooooooo0oOoooooooooooDooobooo
oooooooobooooooooboooooo

0 Oo0oo0oooooooooooocoooOoooobcOod
oooooooooooooooooboOoooooon
ooooooooooooooooobobooooooon
ooooooooooooooooobooOoooooon
0 0O0O00000ooooooobobooOoooooo/so
00000000000 x008p/120000000
0rP/120 0000000000000 0O0xs000.900
ooooooooooooooooobobooooooon
goooooooooooooobooooooooobooo

oooooooooooooooooooooooboobooo

ooooooooooooooooboooooo

gooooo

0 Oo0o0ooOoooUoUOoOooOoUooUooOoooooooo
T.IEEE JapanO vol. 122-D0O no. 400 20020

0 DO0000O0O00O00BLDCOOOOOOOOOOODOOOOOOO
00000000000 dRMOO010 1630 20010

0 0Jo00oO0oo0oooO0o0ooOoUooOoO0oOoOoooOooooooo
000000000000 0DORM-96-2000 1996.

0 0D0O0000O000000000000b00000000000O0O
000000000RM-02-830 20020

0 000000000000000000.000000019910

0 0O0000oO00o0o00ooooO0o000oUooDoOoOoOoOoUoooooo
00000000000 o00000O000000000000o0o0O0
000 RMO 010 1130 2000

58



00000000ONe152  Augl 2003

goooooooboooooooooboo

| ooood |

Jodduuooboon

Wind Resistance Design and Construction of Okawa Bridge
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Okawa Bridge
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Okawa Bridge is a 209-m long cable-stayed bridge with
a 2-span continuous steel box girder. Opened in 2002,
the bridge carries "3-3-2 Okawa Line," a prefectural road
that connects Route 5 with the Shakotan Peninsula, over
the Yoichi River. Our company participated in the study
of wind resistance design of the bridge, and the man-
ufacture and erection of the bridge. In this report, we
describe our activities in the construction of Okawa Bridge.
The following are particularly notable.

1) Study of wind resistance design:

We conducted wind tunnel tests of a topographical
model and the main girder and the main tower, and
found that the vortex-induced oscillations of the main
tower would be problematic. We succeeded in reduc-

oooooog®f
Takao YAMAOKA

ooooooo©
Naohito MUROZUKA
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ing the oscillations by changing the main tower's shape.
2) Erection:

Although the erection work faced many difficulties due
to the complex structure and the form of ordering, we
completed the erection work with precision through
scrupulous execution planning and administration.

3) Accuracy control:

We full used most of our accuracy control system in
controlling the shape of the bridge under construction
and controlling the cable tension to execute the work
with high precision.
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All Electric Rotary Injection Molding Machine SR75
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Electric Injection Molding Machine for Optical Discs SD40E
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